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Hantaviruses replicate in primary and cultured animal cells with little or no cytopathic effect. We report here that the
cultured Vero E6 cells infected by the Hantaan or by the Prospect Hill viruses exhibited characteristic features of apoptosis,
including condensation and segmentation of nuclei and internucleosomal cleavage of nuclear DNA. Apoptosis was not seen
in the cells adsorbed by UV-inactivated virus, indicating that the viral replication is required for the induction of apoptosis.
Furthermore, level of the proto-oncogenic Bcl-2 protein was significantly reduced, whereas its mRNA level remained
unchanged in Hantaan virus-infected cells, suggesting possible involvement and posttranscriptional regulation of this
antiapoptotic protein in the process. © 1999 Academic Press
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(INTRODUCTION
Hantaan virus (HTN), the prototype of the serologically
elated hantaviruses of the family Bunyaviridae, is the
tiological agent for Korean hemorrhagic fever, a dis-
ase generally characterized by fever, hemorrhage, and
cute renal insufficiency. The disease represents one of
he most severe classes of hemorrhagic diseases that
ccur worldwide with mortality rates of 3–7% (Lee et al.,
990). Despite much progress made in recent years on
he molecular and serological studies, biochemical
ases for the pathogenicity of the virus are not well
nderstood (Schmaljohn, 1996).
Although HTN is highly pathogenic in human hosts,
TN and other hantaviruses cause chronic infections in
odents with no apparent cytopathicity (Lee et al., 1981).
n vitro, these viruses are fastidious and can be propa-
ated only in certain cell types (French et al., 1981;
cCormick et al., 1982). Vero E6, a cloned line of Vero
ells, has been used for plaque analysis and production
f a cell-free virus in high titer (Schmaljohn et al., 1983).
he cells usually remain viable up to 3 weeks of HTN
nfection with little or no apparent cytopathic conse-
uences. Formation of plaques in this cell line, however,
uggests a transient and incomplete cytopathicity. Infec-
ion by HTN leads to a gradual loss of cell viability and
ventually results in cell death.
Over the past few years, evidence has accumulated to
uggest that a growing number of viruses induce cell
eath by apoptosis, an active and physiologically regu-
ated process of cellular self-destruction (reviewed in
1 To whom reprint requests should be addressed at Anam-dong 5-1,
ungbuk-ku. Fax: 82-2-923-9923. E-mail: ahnbyung@kuccnx.korea.ic.kr.
99hen and Shenk, 1995; Razvi and Welsh, 1995). However,
he mechanisms underlying virus-induced apoptosis are
till poorly understood. Cells infected by various viruses
ay initiate death programs as a part of host defense.
onceivably, ability of the virus-infected cells to develop
poptosis would help host cells to restrict or slow the
pread of virus. An alternative hypothesis has also been
roposed for the role of apoptosis in support of viral
eplication, immune dysregulation, and establishment of
ersistent infection (Teodoro and Branton, 1997).
In the present study, we investigated whether apopto-
is contributes to the death of cells in culture infected by
antaviruses. We have found several features character-
stic of apoptosis in cultured Vero E6 cells infected by the
TN or the Prospect Hill (PH) hantaviruses. We show
hat viral replication is required for the induction of apo-
tosis. We also provide evidence suggesting a possible
ssociation of the cellular proto-oncogenic protein Bcl-2
n the HTN-induced cell death.
RESULTS
poptosis of HTN-infected cells
The monkey kidney Vero E6 cells infected by HTN
m.o.i. of 0.5) appeared normal in gross morphology and
id not exhibit any obvious cytopathic effect until up to 7
ays postinfection. However, cell adherence decreased
radually after day 7 as infection proceeded further with
ppearance of cell clumpings at 11 days postinfection
nd thereafter (Fig. 1A). Analysis of the cell viability by
xclusion of trypan blue dye indicated that the viability of
ells decreased gradually starting from day 5 with about
0% of the cells remaining viable at 11 days postinfection
Fig. 1B). As shown by immunoblot analysis (Fig. 1C), the
ncrease in the amount of viral nucleocapsid protein N in
0042-6822/99 $30.00
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100 KANG ET AL.ells as well as in culture medium indicated that viral
eplication and release of virus particles into culture
edium had occurred normally during the period. Al-
hough not shown here, most of the cells were positively
tained at 5 days postinfection by convalescent phase
era obtained from patients with Korean hemorrhagic
ever (detecting primarily the N protein of HTN). The
FIG. 1. Cell death by the HTN infection. Monolayer cultures of Vero
6 cells were infected (m.o.i. 0.5) by HTN (76-118). (A) Photographs of
he cells at 1, 4, 7, and 11 days postinfection (1003 magnification). (B)
he number of viable cells counted by trypan blue dye exclusion at the
ndicated times (in days) postinfection. (C) Immunoblot analysis of the
7-kDa (indicated by an arrowhead) HTN nucleocapsid protein pro-
uced in culture medium at the indicated times (in days) postinfection.
roteins separated on a 10% polyacrylamide gel and transferred to a
itrocellulose membrane were probed with a rabbit polyclonal serum
pecific to the HTN nucleocapsid protein. A lysate of infected cells was
sed as a control in the first lane.nfectivity titer in the culture media peaked at 107 PFU cround 7 days postinfection and decreased thereafter as
ell viability decreased (data not shown).
In search for the characteristic features of apoptotic
ell death, we examined cellular damage by nuclear
taining. Virus-infected cells grown on a cover glass
ere stained with 4,6-diamidino-2-phenylindole (DAPI)
t 5 days postinfection. Under a fluorescent micro-
cope, normal Vero E6 cell nuclei were in a uniform
ound shape and bright blue (Fig. 2, top). In contrast,
uclei of virus-infected cells were seen in irregular
FIG. 2. DAPI staining. Vero E6 cells, either mock-infected (top, 4003
agnification) or HTN-infected (middle and bottom, 4003 and 10003
agnifications, respectively) at 5 days postinfection, were fixed and
tained with DAPI in methanol. Nuclei were examined with a fluores-
ent microscope.
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101HANTAVIRUS-INDUCED APOPTOSIShapes or in smaller pieces (Fig. 2, middle and bot-
om). Internally segmented nuclei were evident in
ome cells. These features were typical of cells un-
ergoing apoptosis on viral infection.
To substantiate this finding, low-molecular-weight
NA was isolated from HTN-infected cells. Electrophore-
is on an agarose gel revealed that the DNA was in a
adder with increments of 180–200 bp in size, whereas
o such DNA ladders were seen in mock-infected cells
Fig. 3). These results suggested that Vero E6 cells in-
ected by HTN underwent apoptosis through a general
athway leading to the degradation of chromosomal
NA. The time needed for the appearance of the DNA
adder, however, was somewhat longer than that for the
poptosis reported for other viruses. The fragmentation
f DNA was barely noticeable at 5 days postinfection and
ecame evident at 7 days postinfection in this experi-
ent. Infection by a higher titer of virus (m.o.i. of 5) did
ot affect the temporal pattern of the DNA fragmentation
data not shown).
To further verify that the DNA damage was induced by
TN infection, cells (harvested at 5 days postinfection)
ere subjected to the more sensitive method of terminal
eoxynucleotidyl transferase (TdT)-mediated dUTP nick-
nd labeling (TUNEL). Virus-infected cells were fixed,
ermeabilized, and incubated with reaction mixture con-
aining TdT and fluorescein-conjugated dUTP. Many
pots of bright green, indicative of the presence of free 39
ydroxyl groups of the fragmented DNA, were clearly
een in the virus-infected cells but not in the uninfected
ells (Fig. 4). Although most of the cells must have been
nfected at this time point (5 days postinfection), only
ome portions of the cells were labeled by this proce-
ure. The partial susceptibility of the cells to this labeling
rocedure was consistent with the result of DAPI stain-
ng, suggesting that not all the cells underwent apoptosis
FIG. 3. Oligonucleosomal DNA fragmentation induced by the HTN
nfection. The DNA extracted from Vero E6 cells, either uninfected (lane
, harvested at day 9) or infected by HTN (m.o.i. of 0.1) for the indicated
imes (in days), was separated by electrophoresis on a 1.5% agarose
el and stained with ethidium bromide. The 100-bp DNA ladder was
sed as a marker, with the arrowhead indicating the 600-bp DNA.t the specific time point (Earnshow, 1995). wpoptosis induced by other hantaviruses
To address whether the apoptotic process that we
bserved was primarily caused by HTN and not due to
ny peculiarity of the Vero E6 cells, we considered cells
nfected by two other viruses, namely PH and the vac-
inia virus (VV), which are capable of replicating in Vero
6 cells. PH is a nonpathogenic hantavirus closely re-
ated to HTN (Lee et al., 1982). PH replicates less actively
han HTN in cultured cells, including Vero E6, although
he latter cell is still the best cell line for propagation and
laque assay of the virus. Oligonucleosomal DNA lad-
ers similar to those found in HTN-infected cells were
etectable in cells infected by PH, indicating that apop-
osis was also induced by this nonpathogenic hantavirus
Fig. 5A). Although the titer of PH produced in culture
edium peaked at 105 PFU/ml (data not shown), much
ower than the titer of HTN, the extent of DNA fragmen-
ation was similar to that by HTN.
VV is a DNA virus with broad range of permissive host
ells. VV exhibits strong cytotoxicity on a variety of cells,
ncluding Vero E6. Apoptosis due to this virus, however,
ad not been reported to occur under general conditions.
onsistently, no oligonucleosome-sized DNA ladder was
een in the Vero E6 cells infected by VV, although a
FIG. 4. TUNEL analysis of HTN-infected Vero E6 cells. Mock-infected
ells (top) or cells infected by HTN (m.o.i. of 0.5) at 5 days postinfection
bottom) were subjected to the TUNEL procedure. Photomicrographs
ere taken at 4003 magnification under a fluorescent microscope.
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102 KANG ET AL.mear of bands consisting of intermediate-sized DNA
as observed in this experiment (Fig. 5B). In contrast,
ignificant extent of internucleosomal DNA fragmenta-
ion was found when cells were coinfected by HTN and
V, indicating that the induction of apoptosis was primar-
ly caused by HTN and that VV had no or at most a
arginal effect.
iral replication is required for apoptosis
To determine whether HTN-induced apoptosis is me-
iated by signals from cell surface or from inside, cul-
ured cells were inoculated with virus that had been
reated with UV for varying periods of time. As judged by
nability of viral protein synthesis, HTN virus was com-
letely inactivated by irradiation for 4 min or longer in this
xperiment (not shown). Accordingly, UV-inactivated vi-
us failed to induce apoptosis of the host cells as shown
y the scarcity of DNA fragmentation (not shown). There-
ore, HTN-induced apoptosis in Vero E6 cells must be
riggered by virus replication rather than by mere absorp-
ion of viral particles on the cell surface.
We tested two other cell lines for the ability to support
TN replication and the occurrence of apoptosis. HeLa
ells showed very little, if any, extent of DNA fragmenta-
ion and did not support viral replication (titer in the
edium went up to at most 104 PFU/ml). In contrast, the
aki-2 cells (ATCC HTB47), a cell line derived from the
rimary human renal carcinoma, supported viral replica-
ion fairly well (to the titer of 106 PFU/ml) and showed
NA fragmentation to an extent similar to that of VeroE6
ells (data not shown). These results are consistent with
he notion that the viral replication is required for the
FIG. 5. DNA fragmentation specific to the hantavirus infections. DNA
xtracted from virus-infected Vero E6 cells was separated by electro-
horesis on 1.5% agarose gels and stained with ethidium bromide. (A)
nfection by HTN (lane H, m.o.i. of 0.5) or by PH (lane P, m.o.i. of 0.1).
NA was extracted from cells at 9 days postinfection by each viruses.
ninfected cells were used as a control (lane U, harvested at day 9). (B)
nfection by VV alone (lane V) or superinfection by HTN at 1 day after
he VV infection (lane V/H). DNA was extracted at 5 days after HTN
nfection in each experiments. The 100-bp DNA ladder is shown, with
he arrowhead indicating the 600-bp DNA.nduction of apoptosis. vuppression of the antiapoptotic protein Bcl-2
At present, how HTN infection induces apoptosis is
ot clear. It has been suggested, as in poliovirus infec-
ion, that cell death pathway may be activated by shutting
ff the host protein synthesis (Tolskaya et al., 1995).
ccording to this hypothesis, virus-infected cells appar-
ntly require ongoing synthesis of protective cellular
roteins to avoid activation of the death pathway. One
rotein, the most frequently proposed for such a protec-
ive role, is the 26-kDa membrane-associated proto-on-
ogenic protein Bcl-2. In this context, we questioned
hether there is any correlation between the intracellu-
ar level of Bcl-2 and the induction of apoptosis by HTN
nfection. Immunoblot analysis with anti-Bcl-2 antibody
howed a significant decrease in the cellular level of
cl-2 protein as the viral infection proceeded (Fig. 6,
op). In contrast, levels of two other cellular proteins, Bax
nd Hsp70, were largely unaffected by HTN infection,
FIG. 6. Specific repression of the Bcl-2 protein by HTN. (Top) Proteins
ere extracted from either the mock-infected or the HTN-infected Vero
6 cells at 2, 4, and 6 days postinfection (as indicated on each lanes)
nd analyzed by immunoblotting with the antibodies against Bcl-2, Bax,
r Hsp70 proteins. (Bottom) Northern blot analysis of the bcl-2 mRNA.
otal RNA isolated from the Vero E6 cells, either mock-infected (U) or
nfected by HTN (H) at 7 days postinfection, was separated on a 1.5%
garose gel with formaldehyde and transferred to a nitrocellulose
embrane. The membrane was probed with DIG-labeled Bcl-2 RNA
robe, and the bcl-2 mRNA (estimated to be 7.5 kb in size) was
isualized by the chemiluminescence method.
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103HANTAVIRUS-INDUCED APOPTOSISuggesting that Bcl-2 may have been specifically sup-
ressed by HTN infection. The intensity of the Bcl-2
rotein bands at 4 and 6 days postinfection were 32%
nd 11%, respectively, of the normal level (in either mock-
nfected or day 2 cells), whereas the two other proteins
howed a minor change.
We wanted to determine whether the specific suppres-
ion of Bcl-2 protein occurs at transcriptional level. Al-
hough the transcript of bcl-2 had been previously de-
ected in the Vero cells by RT-PCR (Sadzot-Delvaux et al.,
995), we performed a Northern blot analysis. The level
f Bcl-2 mRNA was not grossly different in virus-infected
ells compared with normal cells (Fig. 6, Bottom). These
esults suggest that the reduction in Bcl-2 protein is
ikely to occur in posttranscriptional processes. Most
robably, Bcl-2 protein may have been proteolytically
egraded in the process of apoptosis.
DISCUSSION
Mechanisms of the virus-induced cell death are im-
ortant in our understanding of the pathogenesis of viral
nfection. In this study, we demonstrated for the first time
everal lines of evidence suggesting that apoptosis is at
east in part responsible for cell death mediated by the
antavirus infection. Unlike other members of the Bun-
aviridae family that show acute cytolytic infections in
ermissive vertebrate cell cultures, hantaviruses rou-
inely establish semipersistent and noncytolytic infec-
ions in cultured cells, consistent with their nonpatho-
enic and persistent relationships with natural rodent
osts (Lee et al., 1981). In this regard, our findings of
poptosis in cultured cells by hantavirus infection are
nexpected results. However, the experimental data ob-
ained in this study strongly suggest that apoptosis cer-
ainly plays a role in the process of cell death by hanta-
irus infection. One noticeable difference in the HTN-
nduced apoptosis from the cases reported for other
ytolytic viruses was the relatively slow progression of
poptotic process: less than 30% of the cells died at 7
ays postinfection with appearance of fragmented nu-
lear DNA. Infection by virus of higher titer did not affect
he temporal pattern of apoptotic cell death. Adsorption
f the UV-inactivated virus did not induce apoptosis. The
elative resistance of Vero E6 cells against apoptosis
arly in HTN infection suggested that cellular endonu-
lease activities required for apoptotic DNA cleavage
ere perhaps suppressed early in HTN infection and
hat a full-scale viral replication was permitted before
ctivation of these enzymes.
Although our data suggest that Vero E6 cells infected
y HTN underwent apoptosis through a general pathway
eading to the degradation of chromosomal DNA, how
he HTN infection induces apoptosis is unclear at
resent time. Our finding of the specific down-regulation
f Bcl-2 protein in HTN-infected cells is very interesting cn this respect. Bcl-2 prevents apoptosis induced by
ultiple agents in a variety of cells (Zhong et al., 1993).
nforced expression of this protein was reported to pre-
ent apoptosis induced by some viruses and thus extend
ellular survival time (Alnemri et al., 1992; Pekosz et al.,
996). In case of the Sindbis virus, expression of Bcl-2
ven resulted in a conversion of lytic infection into a
ersistent one (Levine et al., 1993).
Unlike Bcl-2, levels of the two other cellular proteins Bax
nd Hsp70 were largely unaffected by HTN infection, sug-
esting that Bcl-2 may have been specifically suppressed
y HTN infection. It had been reported that host cell protein
ynthesis in general was not significantly reduced in the
ells infected by HTN (Elliott et al., 1984). It is tempting,
herefore, to hypothesize that the suppression of intracellu-
ar Bcl-2 is one mechanism responsible for HTN-induced
poptosis. In this respect, the unchanged level of the pro-
poptotic Bax protein in the HTN-infected cells is particu-
arly interesting. Bax has been known to form a dimer with
cl-2 and thus inhibit the antiapoptotic activity of Bcl-2. It
ad been proposed that the relative ratio of these two
roteins determines susceptibility of cells to apoptotic
eath (Oltivai et al., 1993). We tried to establish a cell line
hat overexpresses Bcl-2 by transfection of the Vero E6 cells
ith a human Bcl-2 cDNA cloned in a plasmid vector.
owever, the immunoblot analysis of some of the selected
ells showed a Bcl-2 level no different from that of control
ells.
Our finding of the reduced level of Bcl-2 protein, but
ot of its mRNA, in the HTN-infected cells suggests a
ossibility for the proteolytic cleavage of Bcl-2. Although
irect cleavage of Bcl-2 protein by virus-encoded pro-
ease had been reported in the HIV-induced apoptosis
Strack et al., 1999), there is no evidence for HTN-en-
oded protease. Therefore, the cleavage, if so, of Bcl-2
ay have been mediated by cellular proteases. Although
e were not able to provide any direct evidence for the
roteolytic cleavage of Bcl-2, caspase 3-mediated cleav-
ge of Bcl-2 had been reported in vitro as well as in cells
reated with etoposide (Cheng et al., 1997; Fujita and
suruo, 1998). Regardless of the mechanism, the possi-
le mediation of apoptosis through down-regulation of
he Bcl-2 level is consistent with the relatively slow
rogress of HTN-induced apoptosis. Either viral or cel-
ular effectors must be activated as a consequence of
ctive viral replication before their actions on Bcl-2, after
hich apoptotic cell death accelerates. The question
emains as to how the apoptosis induced by hantavi-
uses affects cellular permissiveness for virus replication
nd establishment of persistency.
MATERIALS AND METHODS
iruses and cells
The Hantaan (76-118), Prospect Hill (PH1), and vac-
inia (WR) viruses were propagated at 37°C in Vero E6
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104 KANG ET AL.ells (ATCC C1008) cultured in a 5% CO2 incubator. Cells
ere grown in Dulbecco’s modified Eagle’s medium sup-
lemented with 10% FBS, 100 U/ml penicillin, and 100
g/ml streptomycin (GIBCO BRL). For virus infection, cell
onolayers grown near confluency were adsorbed with
irus (m.o.i. 0.5) in a serum-free medium for 1.5 h. After
he unadsorbed viruses were removed and the medium
ontaining FBS was added, cells were incubated for
arious periods at 37°C. The titer of virus produced in the
ulture medium was determined by plaque assay. Cells
rown in monolayer were infected with appropriate dilu-
ions of virus stock and overlaid with the medium con-
aining 0.4% agarose (Seakem ME; FMC Bioproducts,
ockland, ME). After incubation for 7 days, cells were
urther overlaid with the agarose medium containing 5%
v/v) neutral red (stock of 3.3 mg/ml, GIBCO BRL), and
laques were counted after incubation overnight.
ell viability assay
Cell viability was determined by two different methods.
or the trypan blue dye exclusion assay, cells adherent
o culture flasks were collected by treatment with a
olution of 0.25% trypsin and 1 mM EDTA at 37°C for 2–5
in and were combined with the floating cells collected
rom the culture media. Cells were then resuspended in
3 PBS and mixed with an equal volume of 0.4% trypan
lue. The cells that excluded the dye were counted under
microscope using a hemacytometer chamber.
uclear staining with DAPI
Cells were grown on a slide glass coated with 0.5%
elatin and infected with virus for indicated periods at
7°C. After washing once with 1 mg/ml DAPI in methanol,
ells were treated with 1 mg/ml DAPI in methanol at 37°C
or 15 min. The slide was examined under a fluorescent
icroscope (Zeiss Axioscope) after being mounted with
.1 M Tris buffer (pH 8.0) containing 10% polyvinyl alcohol
nd 20% glycerol.
nalysis of DNA fragmentation
Low-molecular-weight DNA was extracted from cells
hrough a minor modification of the published protocol
Marcellus et al., 1996). Cells (106-107) adherent to culture
lask and floating in the medium were collected and
ashed with PBS. Cells were then resuspended in 0.5 ml
f lysis buffer (10 mM Tris–HCl, pH 7.4, 5 mM EDTA, 0.5%
DS, and 1 mg/ml proteinase K). After incubation for 1 h
t 37°C, NaCl was added to a final concentration of 1 M,
nd the mixture was incubated overnight at 4°C. Cell
ebris were removed by centrifugation at 15,000 g for 30
in, and the supernatant was extracted twice with the
ixture of phenol–chloroform–isoamyl alcohol (25:24:1).
he aqueous fraction was mixed with 10 mg of glycogen,
M NaCl, and 2 volumes of ethanol and incubated for 30
in at 220°C. DNA was pelleted by centrifugation of the Iixture for 15 min at 15,000 g and was treated with 10
g/ml RNase A in 20 ml of buffer (10 mM Tris–HCl, pH 8,
mM EDTA). After incubation for 30 min at 37°C, the
NA was analyzed by electrophoresis on a 1.5% agarose
el.
UNEL assay
TUNEL was used to detect free 39 hydroxyl residues of
ragmented DNA according to the protocol provided (In
itu cell death detection kit; Boehringer Mannheim).
riefly, cells grown on a slide glass were fixed for 30 min
t room temperature with 4% paraformaldehyde in PBS,
locked with 0.3% H2O2 in methanol for 30 min, and
ermeabilized in the solution of 0.1% Triton X-100 and
.1% sodium citrate for 2 min at 4°C. Cells were then
ncubated in a 37°C humidified chamber for 1 h with
UNEL reagents containing TdT and fluorescein-conju-
ated dUTP and were examined under a fluorescent
icroscope (Zeiss Axioscope).
V irradiation of virus
A stock of virus (approximately 106 PFU/ml) was
laced at 0°C in a lid-less culture dish and was irradi-
ted at the distance of 15 cm with a hand-held UV
ransilluminator (254 nm). Aliquots were withdrawn after
xposure to UV for 0, 1, 2, 4, 8, and 16 min and were used
o infect cell monolayers for a plaque assay.
estern blot analysis
Cells were harvested and lysed in the polyacrylamide
el loading buffer. Proteins (from ;106 cells) were sep-
rated by electrophoresis through a 10% acrylamide gel
ith SDS and were subsequently transferred to the Hy-
ond C membranes (Amersham). The membranes were
locked in the TNT buffer (10 mM Tris–HCl, pH 8.0, 150
M NaCl, and 0.05% Tween 20) containing 5% nonfat dry
ilk for 1 h at room temperature and incubated with
ppropriate primary antibodies for 2 h. The membranes
ere washed three times with TNT buffer and incubated
ith peroxidase-conjugated secondary antibodies. Pos-
tive bands were visualized by enhanced chemilumines-
ence (Amersham). The viral nucleocapsid protein (N)
as detected by the polyclonal rabbit antiserum raised
gainst recombinant N protein produced in Escherichia
oli. Polyclonal rabbit anti-Bcl-2 antibody (N-19) recog-
izing the amino acid residues 4–21, anti-Bax antibody
N-20) recognizing the amino acid residues 11–30, and
he mouse monoclonal anti-hsp70 antibody (W27) were
btained from Santa Cruz Biochemicals (Santa Cruz, CA).
orthern blot analysis
Total cell RNA was isolated from Vero E6 cells by the
ltraspecII RNA isolation system (Biotex Laboratories,nc.). The RNA (20 mg) was separated on a 1% formalde-
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105HANTAVIRUS-INDUCED APOPTOSISyde–agarose gel by electrophoresis and transferred to
nylon membrane (S & S), which was then hybridized
ith the bcl-2 probe. For preparation of the bcl-2 probe,
portion (;300 bp) of bcl-2 transcript was amplified by
T-PCR of total cell RNA using the forward (59-GCTG-
ACCTGACGCCCTTCA-39) and reverse (59-CTTCA-
AGACAGCCAGGAGA-39) primers. The amplified DNA
as cloned into the vector pT7Blue (Novagen, Madison,
I). The resultant plasmid was used as a template for
he synthesis of an antisense RNA probe using the DIG-
abeling system (Boehringer Mannheim). Positive bands
ere visualized by chemiluminescent reagents using the
nti-DIG alkaline phosphatase (Boehringer Mannheim).
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